Objective 
Introduction

Influenza virus infection is a major respiratory infectious disease that generally induces bronchitis and pneumonia (1). The virus causes an acute febrile illness with malaise, and pneumonia can become lethal in the elderly when complications involve bacterial infections
. Synergistic effects between influenza virus and bacteria have been suggested (6) (7) (8) (9) and receptor-mediated pathways and other mechanisms are implicated in lethal synergism (10, 11) . 
We previously described fulminant pathological changes in the lungs of mice inoculated with Streptococcus pneumoniae (S. pneumoniae) 2 days after influenza virus infection (12). The kinetics of viral titers, bacterial numbers and im-T a b l e 1 . Cl i n i c a l Ch a r a c t e r i s t i c s o f 1 5 P a t i e n t s wi t h B a c t e r i a l P n e u mo n i a Co -I n f e c t e d wi t h I n f l ue n z a Vi r u s
Materials and Methods
Patients and diagnostic criteria
Fifteen consecutive patients who attended our hospital between December 2003 and April 2004 were diagnosed with concurrent influenza virus infection and bacterial pneumonia on admission. Influenza virus infection was confirmed using a rapid antigen detection kit (Espline
Results
Patients
T a b l e 2 . S u b j e c t De mo g r a p h i c s pneumonia alone patients consisted of pneumonia due to S. pneumoniae infection (n=21), H. influenzae (n=5), and M. catarrhalis (n=2) (data not shown). The male/female ratio did not differ substantially between the two groups, and the age of patients diagnosed with bacterial pneumonia alone (68.3 years) and co-infection (69.1 years) were also similar (
Severity of pneumonia
The severity of bacterial pneumonia in the presence of influenza virus was assessed by the criteria of both the JRS
Discussion
The "Spanish flu" pandemic of 1918 was responsible for >20 million deaths worldwide (19, 20) T a b l e 3 . Cl i n i c a l Da t a a n d S e v e r i t y o f P n e u mo n i a duces only moderate pneumonia (6, 12) . Superinfected mice died significantly earlier than mice infected with one type of organism, due to severe fulminant lung damage rather than septic changes. These data suggest that extant influenza virus infection plays a key role in the pathogenesis of lethal lung diseases.
Here, we analyzed patients with bacterial pneumonia and influenza, and compared them with patients with bacterial pneumonia alone. The physical condition and laboratory data were significantly worse in co-infected patients compared with those infected with bacteria alone. X-ray infiltrates and the severity of pneumonia were also significantly increased in co-infected patients.
In demographics of patients, age and rates of complications were almost the same between co-infected and bacterial pneumonia alone patients, however, the rates of underlying chronic lung diseases were significantly higher in coinfected patients compared with those with bacterial pneumonia alone. Furthermore, three severe pneumonia cases were found in co-infected patients (patients #2, 7, 10 in Table 1) , and all these patients had chronic lung disease, including COPD and old tuberculosis. Three patients without underlying diseases showed mild or moderate pneumonia (patients #9, 11, 12 in The present data suggest that a synergistic effect of viral and bacterial co-infection is related to the pathogenesis of severe pneumonia; that is, the influenza virus enhances the severity of bacterial pneumonia. The synergy between bacteria and virus were also found in other pathogens (22, 23) . In influenza virus infection, severe pneumonia due to bacterial infection was reported in the pandemics of 1957-1958 (24) and 1995-1996 season (25) . Influenza virus infection causes phagocytic cell dysfunction, damage to ciliated epithelium, tissue edema and other obscure disturbances of normal host defense mechanisms (26) (27) (28) (29) . These changes might be associated with increased adherence of bacteria and the prevalence of secondary bacterial diseases principally due to S. pneumoniae, H. influenzae and S. aureus. (30, 31) .
Severe pneumonia develops after co-infection with bacte- 
